The black cutworm (BCW), Agrotis ipsilon (Hufnagel) (Lepidoptera: Noctuidae), is a polyphagous insect pest. Its larvae feed on a wide range of plant families, causing serious damage to numerous crops such as corn, wheat, vegetables and fruits (Busching and Turpin 1977) . On turfgrass, BCW is recognized as the most damaging of all cutworms, particularly on golf greens and tees (Potter 1998) . In Canada, BCW damage on golf courses is mostly observed in eastern Canada, where one or two insecticide treatments are typically applied on greens every year (Simard 2006) . Damage takes on the form of small dead patches that resemble ball marks on golf greens, and predatory bird regularly pull up tufts of grass, thus increasing damage on the surface (Potter 1998) . With the deregistration of some chemicals and new legislation restricting pesticide use on turfgrass, alternative control methods to manage BCW are sought (Bélair et al. 2010; Held and Potter 2012) .
Over the years, entomopathogenic nematodes (EPNs) in the Steinernematidae and Heterorhabditidae families have demonstrated their potential as biological control agents against several insect pests in agriculture, including BCW in turfgrass (Grewal et al. 2005; Ebssa and Koppenhöfer 2011) . Recently, surveys have been conducted in turf habitats to discover new EPN species or strains with enhanced control potential (Ansari et al. 2007; Redmond and Potter 2010) . In eastern Canada, new indigenous isolates of EPNs have been collected on golf courses and have shown variable virulence against the European crane fly, Tipula paludosa (Meigen) (Simard et al. , 2007 . The objectives of this study were to assess the virulence of indigenous EPNs against BCW larvae under laboratory conditions and to evaluate the efficacy of Steinernema carpocapsae (Weiser) against BCW under greenhouse conditions. Black cutworms used in this study originated from a population infesting a golf course green (Montebello, QC, Canada, 45°39'N, 74°57'W). The BCW colony was maintained in an environmental chamber following the method described in Reese et al. (1972) . All experiments were conducted on fifthinstar larvae. Canadian EPN isolates were collected in the provinces of Quebec and Ontario and included four S. feltiae (Filipjev) [1Sf (27) , 2Sf (37), 3Sf (13), 4Sf (18)], five S. carpocapsae [5Sc (34), 6Sc (34), 7Sc (28), 8Sc (27), 9Sc (8)], and one S. kraussei (Steiner) [10Sk (3) ]; numbers in parentheses correspond to golf courses described in Simard et al. (2007) . Prior to performing each assay, indigenous EPN isolates and commercial formulations of S. feltiae (CSf; Plant Products Co. Ltd., Laval, QC) and S. carpocapsae (CSc; Natural Insect Control Inc., Stevensville, ON) were reproduced once on Galleria mellonella L. larvae (Dutky et al. 1964) . Emerging infective juveniles (IJs) were collected and stored in tap water at 6°C for 2 wk before use. For all experiments, the virulence of each EPN isolate was confirmed on 15 G. mellonella larvae before use. In all cases, mortality rate ranged between 90 and 100% at a concentration of 25 IJs/larva. BCW larvae were placed at the centre of 9-cm-diam petri dishes whose bottom and top contained two 10-cm-diam Whatman No. 2 filter papers. Petri dishes were prepared as follows: 0.5 mL of distilled water on each filter paper, 1 mL of EPNs + distilled water on each filter paper, and 2 g of creeping bentgrass clippings (Agrostis palustris Huds. 'Alpha') (Gloco, Anjou, QC). Controls consisted of 1.5 mL of distilled water on each filter paper. Petri dishes were placed randomly in an environmental chamber at 24 ± 1°C, 16L:8D, for 72 h. Mortality was recorded 48 and 72 h after treatment application.
The commercial formulations of S. feltiae and S. carpocapsae were tested against BCW at the following concentrations: 0, 50, 250, 500 and 1000 IJs/larva/petri dish. For each species and concentration, the experimental unit was 10 larvae per dish with three replications (N = 3 x 10), and the experiment was repeated once for a total of 60 larvae per species per concentration. A factorial analysis of variance (ANOVA; 2 nematode species x 5 concentrations x 2 tests) followed by a protected LSD test were used to compare insect mortality between treatments (α = 0.05) (SAS Institute Inc. 1999). The effects of nematode species (48 h: F = 103.40, df = 1, P < 0.0001; 72 h: F = 70.44, df = 1, P < 0.0001) and concentrations (48 h: F = 53.20, df = 4, P < 0.0001; 72 h: F = 89.37, df = 4, P < 0.0001) were significant, but the data were pooled since no significant difference was found between tests (48 h: F = 1.86, df = 1, P = 0.1806; 72 h: F = 0, df = 1, P = 1.0). The data were normally distributed and not transformed.
In another test, the virulence of ten indigenous EPN isolates against BCW was compared with the commercial formulations of S. feltiae and S. carpocapsae at the following concentrations: 0,50 and 250 IJs/larva/petri dish. For each isolate and concentration, the experimental unit was ten larvae per dish with five replications (N = 5 x 10). A factorial analysis of variance (ANOVA; 2 concentrations x 13 isolates) followed by a protected LSD test were used to compare insect mortality between treatments (α = 0.05) (SAS Institute Inc. 1999). Both effects, i.e. concentration (48 h: F = 127.38, df = 1, P < 0.0001; 72 h: F = 158.53, df = 1, P < 0.0001) and isolates (48 h: F = 34.27, df = 12, P < 0.0001; 72 h: F = 35.54, df = 12, P < 0.0001), were significant. The data were normally distributed and not transformed.
For the greenhouse tests, 1 mo before nematode inoculation, creeping bentgrass was seeded in plastic pots (11 cm diam, 9.5 cm high) filled with a 80% sand:20% peat (v:v) soil mixture. Turfgrass was trimmed to a 25-mm height 3 d prior to nematode inoculation, and one BCW larva was introduced per pot. The commercial formulation of S. carpocapsae was suspended in water and applied using spray bottles calibrated to deliver 50, 250, 500 and 1000 IJs/pot in a standard 3-ml volume per pot. An additional 3 mL of water was applied to drench the nematodes into the soil. For each concentration, the experimental unit was ten larvae with four replications (N = 4 x 10). The experiment was repeated once with three replications (N = 3 x 10). Insect mortality was recorded 5 d postapplication. Data were analyzed together since no significant difference was observed between experiments (F = 0.30, df = 1, P = 0.5890).
In the Petri dish tests, both commercial formulations of S. carpopcasae and S. feltiae caused significant mortality in fifth-instar larvae of BCW (Fig. 1) . Steinernema carpocapsae showed higher virulence than S. feltiae, the two formulations causing 98% and 70% mortality, respectively, at the 1000 IJs concentration after 72 h. No significant increase in mortality was found between concentrations of S. carpocapsae at 500 and 1000 IJs/larva/petri dish.
When the indigenous isolates were included, significant differences were observed among EPN isolates after 48 h (50: F = 9.19, df = 12, P < 0.0001; 250: F = 26.37, df = 12, P < 0.0001) and 72 h (50: F = 8.51, df = 12, P < 0.0001; 250: F = 32.87, df = 12, P < 0.0001) for both concentrations tested (Fig. 2) . After 48 h, the highest mortality (80%) was obtained with isolate 6Sc at 250 IJs/larva/petri dish. At the low concentration, isolate 6Sc was also the most virulent with 32% mortality. After 72 h, isolates 6Sc (94%) and CSc (85%) caused the highest mortality. Virulence against BCW was similar for Canadian S. feltiae isolates and the commercial formulation. The virulence of the S. carpocapsae isolate 6Sc (higher than the commercial formulation at the low concentration) is highly desirable for a biological control agent and its potential should be investigated further under natural soil conditions. Steinernema carpocapsae (commercial formulation) was efficient against BCW larvae in greenhouse trials with mortality rates higher than 50% recorded for all concentrations 5 d post-exposure (F = 14.75; df = 4; P < 0.0001). Average BCW mortality (%) for each S. carpocapsae concentration was 11%, 53%, 66%, 76% and 88% at 0, 50, 250, 500 and 1000 IJs/larva/pot, respectively. BCW mortality at the highest concentration of 1000 IJs/larva/pot was not significantly different from that recorded at 500 IJs/larva/pot.
Bioassays performed in the laboratory and greenhouse demonstrated the susceptibility of fifth- instar BCW larvae to EPNs, particularly to the species S. carpocapsae. The virulence of S. feltiae was consistently lower than that of S. carpocapsae isolates. These results are directly in line with results published previously on the susceptibility of BCW larvae to EPNs (Baur et al. 1997; Ebssa and Koppenhöfer 2011) . None of the Canadian EPN isolates outperformed the two commercial formulations tested in controlling BCW. One indigenous S. carpocapsae isolate (6Sc) performed as well as the commercial formulation. The S. kraussei isolate (originally described on a sawfly host by Mráček 1977) did not exhibit any significant virulence to BCW larvae.
In the turf and lawn industry, EPNs are usually applied at a rate of 250,000 IJs m -2 (Grewal et al. 2005 ). Based on field experiments for BCW control in turfgrass in New Jersey, USA (Ebssa and Koppenhöfer 2011) , S. carpocapsae applied at this rate provided a high and consistent control of BCW larvae on turfgrass. Under Quebec's weather conditions, we believe that S. carpocapsae could be a useful biological tool to control BCW on golf course greens where damage is recurrent. These habitats are quite suitable for the use of EPN applications for the following reasons: 1) low turfgrass mowing height facilitates contact with BCW larvae; 2) irrigation is readily available on golf greens to prevent EPN desiccation; 3) EPN application could be made at the end of the day to minimize EPN exposure to ultraviolet light and improve contact with BCW larvae, which move on the turfgrass surface during the night; 4) adequate application equipment is available and employees are well trained. However, the high standards required on golf course greens could limit nematode application to lower maintenance sites and/or those where pesticide restrictions are implemented.
